Adolescence is a period of enhanced sensitivity to social influences and vulnerability to drug abuse. Social reward in adolescent rats has been demonstrated with the conditioned place preference (CPP) model, but it is not clear whether limited contact with another rat without play is sufficient to produce reward. We investigated this issue using an apparatus containing two main compartments each with a wire mesh barrier that allowed rats placed on either side of the barrier to have limited physical contact. Adolescent male rats were given two conditioning sessions/day for 2 or 8 days following baseline preference tests. Rats were placed into their preferred side alone for one daily 10-min session and into their initially non-preferred side (i.e., CS) for the other session during which they either had restricted or unrestricted physical access to another rat (Rat/ Mesh or Rat/Phys, respectively) or to a tennis ball (Ball/Mesh or Ball/Phys, respectively) unconditioned stimulus (US). Only the Rat/Phys group exhibited CPP after 2 CS-US pairings; however, after 8 CS-US pairings, the Rat/Mesh and Ball/Phys groups also exhibited CPP. During conditioning, the rat US elicited more robust approach and contact behavior compared to the ball, regardless of physical or restricted access. The incidence of contact and/or approach increased as the number of exposures increased. The results suggest that the rank order of US reward efficacy was physical contact with a rat > limited contact with a rat > physical contact with a ball, and that rough-and-tumble play is not necessary to establish social reward-CPP. The findings have important implications for emerging drug self-administration models in which two rats selfadministering drug intravenously have limited physical contact via a mesh barrier shared between their respective operant conditioning chambers.
Introduction
Social interaction is a hallmark feature of normal development during adolescence that enables appropriate social behavior in adulthood [1] [2] [3] [4] [5] [6] . Play behaviors in particular are thought to be important for the transition into normal sexual behaviors [7, 8] and the establishment of dominance hierarchies among adult rodents [9, 10] . Social interaction is a substantial natural reward for rodents. For instance, rats will learn to traverse a T-maze to gain access to another rat [11] [12] [13] . In addition, conditioned place preference (CPP) studies reveal that rats will display robust approach towards, and spend more time in, an environment paired with access to another rat [14] [15] [16] [17] [18] and a single re-exposure to a social partner in the associated environment will reinstate an extinguished preference for that environment [19] . We have observed synergistic interactions between social and drug rewards using the CPP paradigm [18, 20] and such interactions may be involved in the vulnerability of adolescents to initiate drug use during this developmental period [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
Specific aspects underlying the rewarding effects of social encounters in rodents remain unclear. It has been suggested that the primary rewarding feature of a social context is the ability to engage in rough-and-tumble play behavior (i.e. play fighting) [17, 37, 38] . For instance, social reinforcement is reduced when full physical contact is restricted or when the play drive of a social partner is pharmacologically inhibited with amphetamine, chlorpromazine, scopolamine or methylphenidate [11, 14, 19] . In addition, rats will display conditioned place preference (CPP) for an environment associated with a playful rat partner over one associated with a scopolamine-induced non-playful rat, suggesting that relative reward strength of social encounters are graded in nature [14] . Even though scopolamine disrupts play behavior, other social behaviors persist in the non-altered playmate despite the partner's lack of response, such as dorsal contacts, social sniffing and crawl-overs [39, 40] , but the degree to which these behaviors are rewarding is not known.
The necessity of play behavior for establishing social reward-CPP is unclear and under some circumstances play behavior is insufficient for establishing CPP. For example, adolescent social reward is observed in socially experienced rats that receive play pairings with other socially experienced rats, but not when the play pairings occur with a previously isolated partner [17] . Socially experienced rats engage in play behaviors with both types of partners, but will avoid the socially deprived partner if given the opportunity [41] . Furthermore, we have shown that there is no relationship between the magnitude of social reward-CPP and the amount of play behavior that occurs during conditioning [18] . Also, under conditions in which nicotine or cocaine reduce play behavior, these drugs also enhance social reward-CPP [18, 20] .
This study directly tested the hypothesis that play behavior in adolescent rats is not necessary for social reward. We used a modified CPP apparatus that allowed for a rat to be placed behind a mesh screen (see Figure 1 ), which created opportunities for social encounters with limited physical contact but without rough-and-tumble play behavior. We included controls to examine physical and restricted contact to an inanimate play object (i.e., a tennis ball).
Methods

Animals
Male Sprague-Dawley rats (Charles River, San Diego, CA) arrived at Arizona State University on postnatal day (PND) 22 (i.e., 22 days old). To avoid prolonged isolation and foster healthy play development, rats were pair-housed upon arrival until PND 26, at which point they were single-housed thereafter. Rats were housed in a climate-controlled facility with a 12-h light/dark cycle (lights on at 7 PM) with ad libitum access to food and water. Housing and care were conducted in accordance with the 1996 Guide for the Care and Use of Laboratory Rats [42] . All experiments were conducted within a conservative estimate of rodent adolescence -PNDs 28-42 [5] -given that social reward peaks during this developmental period [17] . Prior to baseline testing, animals were acclimated to handling for 5-12 days (see Figure 2 for specific timeline of each experiment). On each of these days, rats were handled for at least 2 min/day. Once the rats were single-housed they remained isolated except when paired together during conditioning.
Apparatus
Conditioning took place in rectangular Plexiglas chambers ( Figure 1 ). Each chamber contained a removable partition that separated the chamber into two equal-sized compartments, each measuring 35 × 24 × 31 cm high. One compartment had corn cob bedding beneath a wire 1 × 1 cm grid floor and alternating black and white vertical stripes on the walls. The other compartment had pine-scented bedding beneath a parallel bar floor (5 mm diameter) and alternating black and white horizontal stripes on the walls. The stripes on the walls of both compartments were 2 cm wide. Additional end compartments were created by inserting a divider that split the original compartment into a main compartment (27 × 24 × 31 cm high) and a small end compartment (8 × 24 × 31 cm high), such that during conditioning a conspecific or a ball could be placed in the end compartment as an unconditioned stimulus (US) (see Figure 1 ). The divider was made of clear Plexiglas except for 1 × 1 cm wire grid mesh (16.5 × 8 cm) on the bottom portion of the dividing wall. On the pre-and post-conditioning test days, the removable center partition of the apparatus was replaced by a similar partition that contained an opening in the center (28 × 6 cm), allowing the rats free-access to the bordering compartments simultaneously. To prevent the rats from escaping from the chamber while maintaining the ability to record their behavior via an overhanging video camera, a rectangular tower measuring 70 × 24 × 74 cm high of clear Plexiglas was used as an extension of the apparatus. Unpublished data from our laboratory established that the main compartments on either side of the center were equally preferred across adolescent and adult rats (i.e., the apparatus was unbiased). The conditioning room was dimly lit with two overhead lamps, each containing a 25 watt light bulb.
A camera (Panasonic WV-CP284, color CCTV, Suzhou, China) used to record testing sessions was mounted 101 cm above the center of the apparatus. A WinTV 350 personal video recorder (Hauppage, NJ, USA) captured live video and encoded it to MPEG streams. A modified version of TopScan Software (Clever Sys., Inc. Reston, VA, USA) used the orientation of an animal's body parts (e.g. nose, head, center of body, forepaws, base of tail, etc.) to identify behaviors that are specified by the user and recognized by the program. The software employed the whole position of the body to estimate other body parts (e.g. nose, forepaw, head etc.) when they were not in view in order to yield measures of time spent in each compartment.
Baseline preference
On the first day of the procedure for both experiments, rats were transported to the conditioning room and were placed into the CPP apparatus where they had free access to both main compartments for 10 min to habituate them to the novel environment. The mesh dividers restricting access to the small end compartments were in place throughout the entire experiment. Initial baseline preference was assessed across the next 2 consecutive days by again allowing each rat free-access to the main compartments for 10 min each day. The starting compartment was counterbalanced across days and entry into a compartment was operationally defined as a rat's forepaws entering a compartment as determined by the software. Time spent in each compartment was averaged across the two baseline days to determine each rat's initial side preference. Rats that failed to demonstrate at least five compartment crossovers during either baseline test day were excluded from the experiments due to inadequate environmental exploration; however, they were assigned as a physical play partner for experimental rats when initial preferences and body weights did not allow for pairing experimental rats together.
Conditioning and testing
Rats were assigned to one of four groups (n =9-10/group) that received the following US exposure upon placement into their initially non-preferred side (i.e., conditioned stimulus, CS): 1) physical access to another rat in the same compartment with nothing behind the mesh (Rat/Phys); 2) restricted access to another rat behind the mesh divider (Rat/Mesh); 3) physical access to a tennis ball in the same compartment with nothing behind the mesh (Ball/Phys); or 4) restricted access to a tennis ball behind the mesh divider (Ball/Mesh). During separate sessions, all rats were placed alone in their initially preferred side without anything behind the mesh. Rats in the 'Ball' conditions (i.e., Ball/Phys and Ball/Mesh) were exposed to their own brand new tennis ball and that ball remained constant throughout conditioning to control for relative novelty. Rats in the Rat/Phys group were assigned to pairs that were matched for initial compartment preference and body weight within 10 g. All rat partners were unfamiliar with each other prior to conditioning, but remained constant throughout conditioning.
Conditioning sessions were conducted twice per day at the same time of day with each rat confined to one side of the CPP apparatus for 10 min during the morning session, and confined to the opposite side of the apparatus for 10 min during the afternoon session. At least 6 h intervened between morning and afternoon sessions. Previous research from our laboratory demonstrated that social reward-CPP is established regardless of whether a biased or unbiased design is used [18] . Therefore, we chose a biased CPP design [i.e., pairing the US with the initially non-preferred side of the apparatus (CS)] because this design allows for a greater range of preference change as well as observation of a preference switch (i.e., >50% time spent in initially non-preferred side on test day) indicative of a reward effect rather than a reduction of initial aversion to the CS. The starting side for the first conditioning session was counterbalanced such that half of the rats in each group were exposed first to their initially non-preferred side containing their respective US, and the other half were exposed to their initially preferred side with no stimulus (i.e., alone). Rats then received the opposite of these conditions during the afternoon session. Two separate experiments were conducted, with Experiment 1 employing two CS-US pairings and Experiment 2 employing eight CS-US pairings, both followed by a final test for CPP. The specific timeline for each experiment is summarized in Figure 2 .
Crossovers during baseline and preference tests were counted from previously recorded video files by an observer blind to experimental conditions. As mentioned previously, a crossover was defined as entry of a rat's forepaws into one of the two compartments. During the first and last US-paired conditioning sessions, frequency and duration of contact with a partner rat or a tennis ball were scored for rats in the Rat/Phys and Ball/Phys groups and contacts with the mesh screen were scored for rats in the Rat/Mesh and Ball/Mesh groups using Observer 5.0 software (Noldus Information Technology BV, Wageningen, The Netherlands). This program allows for a frame by frame analysis of behavior. Contact was operationally defined as any part of the body with the exception of the tail touching either the object (i.e., ball or rat) or the mesh screen. Since contacts between rat partners were not independent, contact data from the Rat/Phys group was scored and analyzed per pair. Thus for Experiment 1, the 'Phys' object contact behavioral analyses included n=6 pairs for the Rat/Phys group and n=10 for the Ball/Phys group. For Experiment 2, two rats from the Rat/ Phys group and two rats from the Ball/Phys group were removed from the object contact behavioral analysis due to loss of video footage of either the first or last day resulting in n=4 pairs for the Rat/Phys group and n=7 for Ball/Phys group.
Data Analysis
CPP was operationally defined as a significant increase in time spent in the initially nonpreferred side (i.e., US-paired side) on the post-conditioning test relative to the average of the pre-conditioning tests (i.e., baseline). Time spent in the initially non-preferred side from both experiments was analyzed using a mixed factor ANOVA with Day (baseline vs. test day) as a repeated measures factor and Object (ball vs. rat), Contact (mesh vs. physical) and number of pairings (2 vs. 8) as between subjects factors. In addition, we transformed the data to difference scores of time in the initially non-preferred side on the test day minus the baseline and analyzed the difference scores using ANOVA with Object, Contact and Number of pairings as between subjects factors. Significant interactions were further analyzed using smaller ANOVAs, tests of simple effects and/or paired-sample t-tests with a Bonferroni correction where appropriate [43] .
Crossovers were analyzed using mixed factors ANOVAs with Day (baseline vs. test day) as a repeated measures factor and Object and Contact as between subjects factors. The number of physical contacts (i.e., Rat/Phys contacts with partner rat and Ball/Phys contacts with tennis ball), duration of contacts and duration per contact were all analyzed for each experiment using separate mixed factors ANOVAs with Day (first conditioning day vs. last conditioning day) as a repeated measures factors and Physical Object as a between subjects factor. The number of mesh screen contacts, duration of contact with the mesh screen, and the duration per contact were all analyzed using mixed factors ANOVAs with Day (first conditioning day vs. last conditioning day) as a repeated measures factor and Object behind the mesh as a between subjects factor. Significant interactions were further analyzed using tests of simple effects.
Results
All significant effects are reported.
Conditioned place preference
The CPP results of both experiments are shown in Figure 3 . The ANOVA of time spent in the initially non-preferred side revealed main effects of Day (F(1,70)=89. 44 60, p<0 .05). The significant Object × Day interaction was further analyzed using tests of simple effects of Object with the data collapsed across Contact conditions. These tests revealed that although there was no significant difference between baseline measures, rats spent significantly more time in the initially non-preferred side on test day when rat was the US object relative to when ball was the object, t(38)=2.38, p<0.05. These findings suggest that only a rat and not a ball shifted preference when 2 CS-US pairings were given during conditioning. In addition to the ANOVA, we conducted Bonferroni t-tests comparing baseline to test for each group setting alpha at p<0.0125 for significance. These t-tests revealed that only the Rat/Phys group (t(9)=7.68, p<0.001) spent more time in the initially non-preferred side on test day relative to baseline, whereas there were no significant differences between test and baseline for any other group.
For Experiment 2 involving 8 CS-US pairings, the ANOVA of time spent in the initially non-preferred side revealed main effects of both Object (F(1,34)=4.42, p<0.05) and Day (F(1,34)=61.07, p<0.001), but no interactions. Thus, when the data were collapsed across the contact variable, rats conditioned with a social partner demonstrated greater preference shifts than rats conditioned with a ball. In addition, all rats in general demonstrated preference shifts toward their initially non-preferred compartment following eight days of conditioning. However, it is important to note that only the Ball/Phys, Rat/Mesh, and Rat/ Phys groups exhibited a preference switch indicative of reward (i.e., >50% of the total test time in their initially non-preferred side during the post-conditioning test), whereas the Ball/ Mesh control group still spent < 50% of the test time in their initially non-preferred side, which may reflect reduction of initial aversion rather than conditioned reward (see Figure  3B ). The strong main effect of Day may have obscured the detection of potential group differences. Therefore, paired-sample t-tests with Bonferroni correction (i.e., alpha set at p< 0.0125 for significance) were conducted and revealed significant increases in the time spent in the initially non-preferred side on the test day relative to baseline in the Rat/Mesh group (t(9)=4.07, p<.01), the Rat/Phys group (t(9)=5.70, p<0.001) and the Ball/Phys group (t(8)=4.10, p<0.01), but not the Ball/Mesh group.
An independent samples t-test revealed a significant difference between baseline values for Experiment 1 and 2, (t(51.70)=5.7, p<0.001), and therefore, we conducted additional analyses on differences scores calculated as time spent in the initially nonpreferred side during the test minus baseline ( Figure 3C where rats conditioned with another rat spent more time on the US-paired side compared to rats conditioned with a ball, regardless of type of contact. Furthermore, planned comparisons of difference scores between experiments of respective groups conditioned with 2 versus 8 pairings revealed a significant difference in the Ball/Phys group only (t(17)=2.66, p<0.05). Collectively, these findings indicate that the difference scores significantly increased after 8 pairings when rats received physical contact with a ball.
Crossovers on test day
Crossovers from one side of the chamber to the other on baseline and test days are shown in Table 1 . The ANOVA of crossovers revealed a within subjects main effect of Day for both Experiment 1 (F(1,34)=104.55, p<0.001) and 2 (F(1,36)=83.04, p<0.001), where all groups displayed significantly more crossovers on test day compared to baseline. Independent samples t-tests with Bonferroni correction (i.e., alpha set at p< 0.025 for significance) revealed significantly more baseline crossovers with 2 pairings compared to 8 (t(72)=5.3, p<0.001), but no difference in the number of crossovers on test day.
Behavior during conditioning sessions
For physical contact with a ball or a rat, number of contacts and time spent in contact with object are shown in Table 1 and time per contact is shown in Figure 4 . The ANOVA for number of physical contacts revealed no significant effects for either experiment. However, time spent in contact yielded a significant main effect of Object in both Experiment 1 (F(1,14)=703.46, p<0.001) and 2 (F(1,9)=551.63, p<0.001), and a significant main effect of Day in Experiment 2 (F (1, 9) =8.02, p<0.05) indicating that more time was spent in contact with the object when the object was a rat compared to a ball, and that regardless of object, contact time increased from day 1 to day 8. The ANOVA of time per contact for Experiment 1 revealed main effects of Day (F(1,14)=7.06, p<0.05) and Object (F(1,14)=36.88, p<0.001) indicating that time per contact increased from day one to day two and time per contact on both days was significantly higher when the physical object was a rat compared to a ball. The ANOVA of time per contact for Experiment 2 revealed significant main effects of Day (F(1,9)=24.79, p<0.001) and Object (F(1,9)=104.79, p<0.001) as well as a significant Day × Object interaction (F(1,9)=14.78, p<0.01). Tests of simple effects revealed that duration per contact with a rat increased from day 1 to day 8 (t(3)=3.53, p<0.05), but not for a ball, and was significantly higher on both day 1 (t(3.14)=6.50, p<0.01) and day 8 (t(3.16)=6.58, p<0.01) compared time per contact with a ball.
For contact with the mesh screen in front of either a ball or a rat, number of contacts are shown in Figure 5 and time spent in contact and time per contact are shown in Table 1 . For Experiment 1, the ANOVA of number of contacts with the mesh screen revealed a significant effect of Object (F(1,18)=414.74, p<0.001) indicating that regardless of day, rats contacted the mesh screen significantly more when a rat was the object behind the mesh compared to a ball. For Experiment 2, the ANOVA of number of mesh contacts revealed a significant main effect of Day (F(1,17)=96.70, p<0.001) and Object (F(1,17)=31.62, p<0.001) as well as an Object × Day interaction (F(1,17)=7.80, p<0.05). Tests of simple effects revealed that number of mesh contacts increased from day 1 to day 8 for both the rat (t(9)=7.58, p<0.001) and the ball behind the mesh screen (t(8)=7.03, p<0.001) and was significantly higher on both day 1 (t(17)=5.73, p<0.001) and day 8 (t(17)=5.10, p<0.001) when the object behind the mesh was a rat compared to a ball. The interaction indicates that the increase in number of mesh contacts from day 1 to day 8 was greater in the Rat/Mesh group relative to the Ball/Mesh group. The ANOVAs for time in contact with the mesh revealed a significant main effect of Object for both Experiment 1 (F(1,18)=38.23, p<0.001) and Experiment 2 (F(1,17)=94.67, p<0.001) indicating that rats spent more time contacting the mesh when the object behind it was another rat compared to a ball. A main effect of Day was also found in Experiment 2 (F(1,17)=29.94, p<0.001) indicating that the number of contacts increased on day 8 compared to day 1. The ANOVAs of time per contact yielded a significant effect of Day (F(1,17)= 7.54, p<0.05) for Experiment 2 indicating that time per contact with the mesh screen decreases by day 8 compared to day 1. No significant effects were found for time per contact with mesh for Experiment 1.
Discussion
The results indicate that social reward-CPP can be obtained in adolescent male rats even when physical contact is limited and rough-and-tumble play is prevented. These findings provide conclusive evidence that rough-and-tumble play behavior is not necessary for a social encounter between adolescent male rats to be rewarding, and also provide evidence that full physical contact enhances the rewarding effects produced by a conspecific. We conclude that the unconditioned stimuli used in this study differ in reward magnitude with the following rank order from most to least rewarding: Rat/Phys > Rat/Mesh > Ball/Phys > Ball/Mesh. Reward magnitude is in part inferred by the degree of preference shift; however, because there is often a ceiling effect where similar CPP is observed with stimuli that vary in reward magnitude [44] , the number of pairings needed to establish CPP is another measure indicative of reward magnitude. The more highly rewarding a US, the more rapidly CPP is established [45] . In the present study, the physical presence of another rat was the only US strong enough to produce CPP after 2 CS-US pairings in Experiment 1, suggesting that it was the most rewarding US. There was also a significant Object x Day interaction in Experiment 1 in which the time spent in the US-paired side increased more relative to baseline when a rat was the US object than when a ball was the US object regardless of contact condition (physical vs. mesh), suggesting that in general the rat US is more rewarding than the ball US. After 8 CS-US pairings in Experiment 2, similar CPP was observed among the Rat/Phys, Rat/Mesh, and Ball/Phys groups yet the Ball/Mesh group still failed to exhibit CPP. Collectively, these findings suggest that encountering another rat even if it is behind a mesh is more rewarding than the physical presence of a non-social play object, and that physical contact is needed to observe reward with the non-social play object and only after 8 pairings. This point is further bolstered by the Ball/Phys group displaying a significantly lower difference score with 2 pairings compared to 8. In contrast, the Rat/Phys group remained consistently high from 2 to 8 pairings, the Ball/Mesh group remained consistently low, and there was no significant change in the Rat/Mesh group's difference scores from 2 to 8 pairings likely because their scores were already somewhat elevated after 2 pairings. The difference between the Rat/Phys and Ball/Phys groups further suggests that social reward-CPP cannot be explained by the presence of another object within the conditioning environment.
Previous research has shown that isolated adolescent rats are highly sensitive to novel object-CPP [46] , but because the ball was most novel initially when CPP was not observed in the Ball/Phys group, we do not think that the CPP observed in this group after eight pairings was a result of novelty. Furthermore, novelty-CPP is typically established with repeated access to different novel objects in one of two distinct environments or a choice between a familiar or novel environment [47] [48] [49] [50] . We speculate when the US is an inanimate object, the rats may need to have full physical contact with it to find the experience rewarding in contrast to when the US is another rat.
Approach behaviors measured during the conditioning sessions further support differences in the reward value of a conspecific compared to an inanimate play object. In groups that had physical contact during conditioning, time per physical contact increased from day 1 to either day 2 or day 8, and after 8 sessions, the time per contact was greater for a rat than a ball (Figure 4 ). In the groups that did not have full physical contact with the play object, the most sensitive measure of approach behavior was the number of mesh contacts. With 2 CS-US pairings, there were more contacts with the mesh when rat was the object than when ball was the object regardless of day. With 8 CS-US pairings, again there were more mesh contacts when rat was the object and there were more mesh contacts on day 8 than on day 1, with the Rat/Mesh group exhibiting the highest rate of mesh contacts on day 8 (Fig. 5 ). The findings that these approach behaviors increase rather than decrease with repeated exposures is likely because rats habituate to other environmental cues but not to the object itself. The finding that approach measures were the highest after 8 pairings with a rat US is likely because the rat is more rewarding than the ball, perhaps due to reciprocation of interaction by the partner rat but not by the ball.
Our findings expand upon previous research that has examined the contribution of play to rewarding effects of a social encounter. For instance, Humphreys and Einon (1981) demonstrated that a rat will choose a conspecific that is able to engage in play over a restricted or unmotivated play partner in a T-maze. Our results are consistent with their study and extend the findings to the CPP model. In this model, a relationship between the amount of play behavior during conditioning and the magnitude of social reward-CPP has been found but may not be reliable [17, 18] . Calcagnetti and Schecter (1992) have shown that rats fail to exhibit CPP if they are paired with a partner whose play drive is pharmacologically inactivated. Similarly, our findings suggest that in rats that are motivated to play, a rat that is restricted from playing provides a less rewarding stimulus than one that is able to play. Importantly, our results further suggest that a restricted rat (i.e., Rat/Mesh) is nonetheless rewarding, and therefore play is not necessary for social reward-CPP.
The present results are consistent with previous research suggesting that rodents find other elements of social encounters to be rewarding besides rough-and-tumble play. These other elements are influenced by social deprivation and the ability to engage in play. For instance, rats that have a choice between an opening in an apparatus facing another rat versus one that does not face another rat will spend more time investigating the social opening rather than non-social opening, which does not habituate over multiple trials [51] . Similarly, we found that rats contact the mesh screen separating them from another rat more frequently than if it were separating them from a ball and contacts with screen in front of a rat US increase by the 8 th trial, suggesting that approach behavior or investigation of a conspecific increases over time and persists beyond the novelty stage. In addition, shifts to social behaviors unrelated to play (i.e., crawling over, grooming and sniffing the social partner) are observed when motivation to play is decreased by social experience such as group housing [41] or through pharmacological inactivation of play behaviors [39, 40] . Furthermore, periods of isolation in adolescence elevate social motivation [19, 37, 38, 41, 52, 53] . Thus, it is possible that social motivation in the present study was high due to isolation housing during conditioning, thereby allowing for non-play social encounters to substitute for social reward typically derived from play behavior.
Barriers restricting physical access to a stimulus are frequently used to examine motivation for social investigation as well as social recognition in rodents. In fact, rodents will inherently prefer a novel conspecific compared to a novel object in initial testing [54] [55] [56] , similar to our day 1 of conditioning where mesh screen contacts are higher with an initially unfamiliar partner behind the screen than with a novel ball. Mesh screens have also been used in experiments examining the effects of differential housing conditions on play behavior. Results from these studies suggest that rats living in duplex housing (i.e., separated by a mesh screen) demonstrate a 'play rebound' similar to fully isolated rats [37, 57, 58] . This effect of play deprivation is attenuated when housing conditions allow for bodily contact, but not vigorous attributes of play behavior (i.e., chasing and pinning), indicating that the "need" for play can be attenuated with more mild forms of social contact [37] .
A potential concern in the present study is that animals that were given 2 pairings had less of a preference for their initially preferred side, and therefore higher baseline values of time spent in the initially non-preferred side, than animals given 8 pairings. Higher initial baseline values decrease sensitivity for detecting a significant increase in time spent in the US-paired side post-conditioning and this may have contributed to the lack of CPP in the Ball/Phys and Rat/Mesh groups given only 2 pairings. One mitigating argument against this concern is that neither of these groups exhibited as much time spent in the US-paired side post-conditioning after 2 pairings as they did after 8 pairings, suggesting that the lack of effect with 2 pairings was not simply due to a higher baseline. Nonetheless, preference data were also analyzed after transformation to difference scores of test-baseline to minimize variability across cohorts. The variation in baselines across experiments likely reflects age differences between the cohorts of rats since those in Experiment 1 were tested for baseline preference on PND 35-36, whereas those in Experiment 2 were tested on PND 28-29. Age differences between cohorts may have also contributed to locomotor activity differences. Locomotor activity as measured by compartment crossovers during baseline testing was significantly lower for Experiment 2 compared to Experiment 1, probably because rats in Experiment 2 received baseline testing at an earlier PND than those in Experiment 1. Younger rats may have been more anxious during baseline testing, but we doubt that anxiety played a role during the test day because all groups displayed significantly more crossovers on test day compared to baseline and test day crossovers were not different between experiments.
Our lab is particularly interested in the reward strength of a rat behind a mesh screen because we aim to investigate the influence of this type of social context on acquisition of drug-self administration in adolescent rats. For the latter paradigm, it is necessary to keep the rats separate (i.e., behind a mesh barrier) so that they do not disrupt each other's drug infusion lines. Given that many adolescents initiate drug use in a social setting, it is important to integrate this factor into animal drug abuse paradigms to more closely model social contributions to drug reward and reinforcement in humans. It has long been known that alcohol consumption in humans is more pleasurable when it takes place in a social context than when alone [59, 60] . Similarly in rats, oral ethanol intake is facilitated by social interaction [61, 62] and social context can influence sensitivity to alcohol and attenuate its aversive effects [63, 64] . We have observed a synergistic interaction between social reward and either cocaine or nicotine reward [18, 20] yet little is known about the influence of social context on intravenous drug self-administration. The results from the present study suggest that limited exposure of two rats separated by a mesh barrier is rewarding and should provide a valid model for examining effects of social interaction on acquisition, maintenance and extinction of intravenous drug self-administration.
In conclusion, our findings demonstrate that rough-and-tumble play is not necessary to establish social reward-CPP in adolescent male rats. Specifically, limited physical contact with another rat is rewarding but to a lesser degree than full physical contact with another rat. In addition, rats elicit more robust approach and contact behavior than an inanimate object during conditioning. The present results suggest that a mesh barrier between adolescent rats will be useful for examining social influences on other aspects of behavior, such as intravenous drug self-administration. Conditioning procedure (a) and apparatus (b). Two conditioning sessions took place daily for 10 min each separated by a 6-h interval. Baseline preference was determined and roughly half of the rats preferred the horizontal-striped side and half preferred the vertical-striped side. One session took place in the initially preferred side of the apparatus, during which the rat was alone. The other session took place in the initially nonpreferred side, during which the rat received exposure to the US. US conditions included either limited contact through the mesh barrier or full physical contact with either a tennis ball (Ball/Mesh and Ball/Phys, respectively) or a rat (Rat/Mesh or Rat/Phys, respectively). The photograph illustrates one side of the conditioning apparatus with a rat behind the mesh barrier. Object-(i.e., rat or ball) and Contact-(i.e., physical or mesh) dependent CPP after 2 or 8 CS-US pairings (a and b, respectively) expressed as the mean number of seconds ± SEM in the stimulus-paired side pre-conditioning (i.e., Baseline, white bars) vs. post-conditioning (i.e., Test, black bars). The dotted line represents 50% of the total test time (i.e., 300 seconds). Although all groups given 2 CS-US pairings exhibited an increase in time spent on the USpaired side on test day relative to baseline (main effect of day, p<0.01), the increase was greater when the object was a rat, and greatest in the Rat/Phys group. The only group that failed to display CPP with 8 CS-US pairings was the Ball/Mesh group. Preference data is also represented as difference scores of time spent in the US-paired side on test -baseline days (mean s ± SEM) after either 2 or 8 CS-US pairings (c and d, respectively) for the ball object (i.e., solid bars) or rat object (i.e., striped bars) with either physical contact (i.e., gray bars) or the object behind a mesh screen (i.e., white bars). Plus sign (+) indicates a main effect of Object, p<0.05; Dagger ( †) indicates difference from all other groups, p<0.05; Asterisk (*) indicates an increase in the amount of time spent in the stimulus-paired side on Test day relative to Baseline, Bonferroni t-test, p<0.0125; Pound sign (#) indicates a difference from respective group given 2 CS-US pairings, test of simple effects, p<0.05. Time per contact for rats that received physical contact with a ball (Ball/Phys; solid bars) or a rat (Rat/Phys; striped bars) shown for the first (i.e., white bars) and last (i.e., gray bars) day of conditioning in Experiment 1 (a) and 2 (b). Asterisk (*) indicates a main effect of day where day 2 or day 8 is greater than day 1, p<0.05. Plus sign (+) indicates a main effect of Object where a rat is greater than a ball, p<0.001. Dagger ( †) represents a greater increase from Day 1 to Day 8 relative to that of the Ball condition, tests of simple effects, p<0.05. Number of contact with the mesh screen in front of a tennis ball (Ball/Mesh; solid bars) or rat (Rat/Mesh striped bars) on the first (i.e., white bars) and last (i.e., gray bars) day of conditioning in Experiment 1 (a) and 2 (b). Asterisk (*) indicates a main effect of day where day 8 is greater than day 1, p<0.001. Plus sign (+) indicates a main effect of object where a rat is greater than a ball, p<0.001. Dagger ( †) represents a greater increase from Day 1 to Day 8 relative to that of the Ball condition, tests of simple effects, p<0.05. Table 1 Behaviors measured during baseline, conditioning and test days 
